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Abstract 
Power is the most important, the most widely used and the most convenient energy in modern society. However, grid 
system and the scale of construction and operation efficiency research are less coordination. This paper is mainly 
based on the grid, through the research of grid input-output characteristic, based on which establishing a more 
objective evaluation system from the economic angle and using the data envelopment analysis to evaluate their 
relative effectiveness. Finally, through the analysis for grid construction, this paper provides a set of scientific 
assessment method for the grid construction according to different state. 
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1. Introduction 
Power is the most important, the most widely used and the most convenient energy in modern society. 
As a kind of special goods, power cannot be stored, its production, transportation, sales and consumption 
is done at the same time. Along with the development of national economy and the increasing of the 
people’s material and cultural life level, social demand for power is growing. The requirement for the 
quality and reliability is increasingly high, which promotes the rapid development of power industry, grid 
expanding and technology improving continuously. The research on the efficiency of grid construction 
has significant practical significance for improving its efficiency and promoting economic and social 
development. 
2. Research Context 
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DEA method is ideal and effective to evaluate the effectiveness of multi-input and multi-output 
decision-making unit. Therefore, DEA method is used in the evaluation of financial enterprises, hospital, 
school, public institutions and tourism enterprises. In recent years, DEA method has begun to analyze the 
performance of the power industry. The first application of DEA method in power system is power field. 
Luo Daoping and Xiao Di (1996) estimated the total factor productivity of China’s eight grids in DEA 
method and researched the scale and classification[1]. Domestic scholars Wang Enchuang and Ren Yulong 
(2008) made empirical research on the input and output performance of grid of Chongqing from direct and 
indirect layer[2]. Zhou Ming and Zhao Wei (2008) researched the operating performance from the 
perspectives of the grid enterprises combining DEA and yardstick competition[3]. But for the evaluation of 
efficiency of distribution network is more from the planning technique angle, such as to consider 
reliability, safety and the quality of power supply, etc. while the domestic and foreign literature is 
relatively less for the research on the scale economic, scale appropriate situation and input-output 
integrating efficiency after the planning is completed and put into operation. 
In the process of electricity market reform, facing of many uncertain factors, how to design appropriate 
index for grid enterprise and put forward corresponding evaluation methods and procedures have 
important practical significance for the enterprises to make objective, fair and reasonable evaluation and 
for the power company to improve the level of management, promote performance, invest project 
scientifically and perfect the incentive and restraint mechanism. 
3. Dea evaluation method 
The data envelopment analysis is a useful decision method when evaluating the relative effectiveness 
of the same department or unit and it can be used in all walks of life. In 1978, the first DEA model which 
is put forward by famous operation researchers A. charnes, W.W.Cooper and E.Rhodes is named RC 2  
model and it was used to evaluate the relative efficiency of decision making unit. In economic study, DEA 
is also a powerful tool when studying boundary productions which have multiple inputs and multiple 
outputs. Therefore, it can be used to research the problems which are relevant with multilateral production 
function, such as the rate of technological progress, the productivity index, scale, the minimum cost 
problem and maximum benefits, etc. 
Since the DEA method does not need to estimate parameters in advance, it has underestimated 
superiority in avoiding subjective factors, simplifying operations and reducing error, etc. Compared with 
other methods, the biggest advantage of DEA method is that it is pure technical, need not given an 
advance known production function with the parameters, it provides excellent model for the comparison 
of efficiency between different distribution network. 
4. Mathematical model design 
4.1 Model RC2  Based on DEA 
Suppose take one of a municipal distribution companies as a DMU (Decision Making Unit), so a total 
of n DMUs, each DMU has m types of inputs and s types of outputs, the form are as follows. Each DMU j 
(j=1,2,…n) corresponds to an input vector Tmj2j1jj )x,,x,x(x …= and an output vector 
T
sjjjj yyy ),,,(y 21 …= . ijx （i=1，2，…，m） represents the input value of the j-th DMU 
to the i-th type, ijx >0; rjy （r=1，2，…，s） represents the output value of the j-th DMU to the r-th 
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type, rjy >0; iv  is a kind of measure of i-th type input value; ru  is a kind of measure of r-th type output 
value[4][5]. 
In practical application, we usually also introduce in the non-Archimedes infinitesimal in the model 
(actually often take for small enough positive), then get the non-Archimedes infinitesimal model.  
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In the formula: θ  is the efficiency; ε  is Archimedes infinitesimal, here take 610− ; 
Tsssss ),,,( 4321
−−−−− =  and Tsssss ),,,( )4321 +++++ =  are introduced as slack variables. If −s  is not 
zero, it means that corresponding input elements can not fully play role in the economic development, it is 
called the amount of input redundancy; If +s  is not zero, it means that corresponding output element 
exists the phenomenon that the total output is low, it is called the amount of output deficit. 
For this model, the following definitions: Suppose the optimal solution to linear programming (D) is 
**** ,,, θλ +− ss . 
(1) If *θ =1 and *−s =0， *+s =0, it means the j-th DMU is operating at optimal scale and has high 
economic efficiency. 
(2) If *θ =1，and 0sor0s *-* ≠≠ + , it means the j-th DMU is not operating at optimal scale and has 
low economic efficiency. 
(3) If *θ <1, it means the j-th DMU has not economic efficiency. 
(4) Suppose that 
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 is called “projection” of the corresponding 
)y,x( 00  of DMU 0  in relative effective surface of DEA. 
The economic import of high economic efficiency is: for any DMU, operating at optimal scale is 
defined as: (1) In the current input conditions, any kind of outputs cannot be increased except reduce other 
types of outputs at the same time; (2) In order to achieve current output, any input cannot be reduce unless 
increase other types of input at the same time. 
Judge returns to scale in the model: suppose that ∑
=
=
n
1j
*k λ , then 
(1) k=1, which indicates that the returns to scale is keeping unchanged. 
(2) k<1, which indicates increasing returns to scale. 
(3) k>1, which indicates reducing returns to scale. 
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4.2 Model 2BC  Based on DEA 
The assumptions of the model is the same as model RC2 , but model RC2  assumes constant returns 
to scale, while the result from model 2BC  is technical efficiency which does not assume constant returns 
to scale, namely overall economic efficiency. This model is as follow: 
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4.3 Malmquist Indexes Analysis Model Based on DEA 
Malmquist indexes can be used to describe the production technology efficiency which is inter-
temporal with multiple inputs and outputs variables and determine the changes of total factor productivity. 
Malmquist index analysis has the following three advantages: First, it is suitable for multiplt countries or 
regions across the stage to analyze sample. Second, it can be further decomposed into Technical 
Efficiency Change and Efficiency Change index. Third, it does not need relative price information of 
factors. So this paper also adopts the Malmquist index method. The analysis principles are as follows:  
=++ ),,,( 110 tttt xyxyM
1/ 21
0 1 1 0 1 1
1
0 0
( , ) ( , )* (1)
( , ) ( , )
t t
t t t t
t t
t t t t
d x y d x y
d x y d x y
+
+ + + +
+
⎡ ⎤
⎢ ⎥⎣ ⎦
 
Where ),( 11 ++ tt yx and )y,x( tt  respectively represents input vector and output vector of period t+1 
and t. t0d  and 
1t
0d
+ , which reference Technology T of period t, respectively represents the distance 
function of period t and t+1. 
In order to avoid leading to differences when choosing period arbitrarily, Caves (1982) measured the 
Malmquist indexes of productivity change from period t to t+1, and Malmquist indexes show the situation 
of productivity change. At the same time, the Malmquist indexes, which have good properties, can be 
divided into Efficiency Change (Effch) and Technology Change (Techch) under the constant returns to 
scale assumption. The decomposition can be expressed as:  
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Namely Malmquist index can be decomposed into Efficiency Change (Effch) and Technical Change 
(Techch) indexes, and Efficiency Change (Effch) can be further decomposed into Pure Efficiency Change 
(Pech) and Scale Efficiency Change (Sech). If Malmquist index from period t to t+1 is greater than 1, 
indicates that Total Factor Productivity Change (Tfpch) is growing. Otherwise, Total Factor Productivity 
is falling. Effch>1, it indicates that efficiency has been improved. Otherwise, inefficiency. Techch>1, it 
indicates technological progress. Otherwise, regress. 
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5. Design Evaluation Index System 
5.1 The Principle of Setting Targets 
From the perspective of applying DEA and combined with other scholars’ summary, Selecting DEA 
indicators should follow the following basic principle:  
1) Purpose 
Input indicators and output indicators should service and subject to the purpose of evaluating system, 
all the indicators that have great influence on the purpose of evaluating system should be included. 
2) Simplicity 
Take purpose as premise, evaluation should be as concise as possible. When simplifying, it is 
necessary to grasp the “strength” indicators which can distinguish the decision making unit. 
3) Relevance 
Taking the link between input indicators and output indicators into account, we select indicators which 
have correlation in logic instead of numerical. When the input and output indicators exist linear 
correlation, then all the DMUs are effective. Therefore, the input and output indicators should not exist 
strong linear relationship. 
4) Diversity 
Under a large assessment objective, there usually have some different aspects, so diversity must be 
considered. 
5.2 Determine the input and output indicators 
Grid is a supply system, which is composed of transformer substation, distribution substation, power 
lines (including cable) and other power supply facilities. Grid is the main center and important component 
of the power system, The flexibility and robustness decide the reliability of the whole power system. Grid 
operation, primarily through the gradual reduction of the voltage, then delivered to the final consumer, the 
specific procedure shown in Figure 1:  
 
Figure 1. Power Chart 
Shown in Figure 1, according to different voltage levels, power can be divided into transmission, 
distribution, sale of electricity and other systems. 220KV and above in the system are part of the 
transmission system; 10KV to 220KV are part of distribution system, which is mainly composed of 
110KV substation and lines; 10KV and below are consumer system. 
At the end of the power systems, distribution system connected directly with user, including power 
generation system, transmission system and distribution system, is an important link of contacting users, 
supply power and distribute electricity. Usually the system which is stepped down substation second time 
or the system which is provided to users after being stepped down is called distribution system. 
According to incomplete statistics, more than 80% of the user outage is caused by distribution system. 
therefore, the distribution system has the greatest impact on users. In fact, the construction scale, level and 
Power 
source
500KV 220KV
110KV 10KV Terminal 
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the degree of rationality can intensively reflect the structure and the operating characteristics. Therefore, 
this paper will take distribution system as the research object. 
According to the above principles of setting targets and combined with the actual distribution system, 
and taking the views of relevant experts into account[6], select the input and output indicators shown in 
TABLE Ⅰ. 
Table I  Input and Output Indicators 
Input indicators Output indicators 
I1:The total length of lines below 110KV（Km） O1:Number of users 
I2:The capacity of substation equipment below 110KV
（Million KVA） 
O2:Electricity sales amount（KWh） 
 O3:Line loss per unit（%） 
6. Data Analysis 
According to the input and output indicators, we investigated 5 Rural Electricity Boards 3-year data 
and averaged them, getting a set of raw data. See TABLE Ⅱ. 
Table II  The Rural Power 06, 07, 08 Average Annual Input-Output Indicators 
 Input indicators Output indicators 
I1 I2 O1 O2 O3 
REB 1 3933.751 270.544 17737.33 3.2 10.333
REB 2 2902.179 99.291 15568.33 5.363 7.487
REB 3 2051.737 99.213 15020 16.873 3.767
REB 4 1093.23 165.468 14383 29.39 4.493
REB 5 1353.036 44.928 10108.33 10.697 3.647
For empirically analyze each REB and its changes, and finding out the cause, firstly, this paper uses 
input-oriented model of DEAP 2.1 software to compute 3-year average efficiency and input redundancy 
as well as output deficit, this is static analysis; Then, use the Malmquist Model of the software to analyze 
each REB’s average changes in total factor productivity, this is dynamic analysis. 
Table III  The Rural Power Average Efficiency of Input-Output System 
 crste vrste scale Returns to 
scale 
REB 1 0.842 1 0.842 drs 
REB 2 0.953 1 0.953 drs 
REB 3 0.893 1 0.893 drs 
REB 4 1 1 1 - 
REB 5 1 1 1 - 
In TABLE Ⅲ , when assuming constant returns to scale, Crste represents the Technical Change 
(Techch), it is the result based on BC 2 model; when not assuming constant returns to scale, Vrste 
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represents the Efficiency Change (Effch), which can be decomposed into Pure Efficiency Change (Pech), 
and Scale Efficiency Change (Sech). Scale represents returns to scale, scale=crste / vrste, Vrste and Scale 
are the results based on RC 2 model. The last column, irs, -, drs respectively represents the increasing, 
unchanging and decreasing returns to scale. They are determined by∑ jλ ,∑ <1jλ  , it represents 
increasing returns to scale, ∑ =1jλ  , it represents unchanged returns to scale, ∑ >1jλ  , it represents 
diminishing returns to scale. 
From TABLE Ⅲ, compared with the other three REBs, the efficiency of REB 4 and REB 5 are the 
highest, namely effective DMU. While the other three REBs have failed to achieve the highest innovation 
efficiency, the main causes are their respective efficiency to scale are low and returns to scale are 
decreasing. 
Table IV  The Input Redundant and Output Less of the Rural Power Under Current Efficiency 
 Input 
Redundancy 
Output Deficit 
I1 I2 O1 O2 O3 
REB 1 0 0 12661.81 41.887 0 
REB 2 0 0 5224.882 16.947 0 
REB 3 0 0 0 2.066 1.502
REB 4 0 0 0 0 0 
REB 5 0 0 0 0 0 
According to the result from TABLE Ⅲ , when the efficiency is equal to 1, there is no input 
redundancy and output deficit; Else, when the efficiency is not equal to 1, there is input redundancy and 
output deficit. According to TABLE Ⅳ, the number of users and electricity sales amount of REB 1 and 
REB 2 is deficient, the electricity sales of REB 3 is deficient and its line loss per unit is too low. The 
reason why the output deficit of each REB is zero is that their Pure Efficiency Change (Pech) is equal to 1, 
which means having no output deficit. 
Table V  The Final Adjustment Table for Innovation Efficiency of Rural Power NO.1 
Indi- 
cators 
Original 
value 
Radial 
Move- 
ment 
Slack 
Move- 
ment 
Projected
value 
Final 
adjusted 
value 
O1 17737.333 0 12661.81 30399.143 12661.81
O2 3.2 0 41.887 45.087 41.887 
O3 10.333 0 0 10.333 0 
I1 3933.751 -623.2 0 3310.551 -623.2 
I2 270.544 -42.861 0 227.683 -42.861 
The slack movement of TABLE Ⅳ is divided into input redundancy and output deficit, which are 
calculated for the current efficiency value and respectively represents how much excess input they have 
invest and how much output they haven’t got. According to current efficiency model, we have got the 
maximum target output, while in TABLE Ⅴ, the radial movement means if we want to realize the overall 
innovation efficiency index is equal to 1, how much we still should to adjust. Before calculating the data 
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we have selected input oriented model. Therefore, when adjusting we mainly aim at input indicators. 
While in order to make the innovation efficiency equal to 1, the actual input redundancy not only contain 
slack movement, but also radial movement. 
Therefore, if each REB wants to make innovation efficiency to be equal to 1, the adjustment should be 
carried out as follows: see TABLE Ⅵ. 
Table VI  The Final Adjustment Table of Each Rural Power 
 Input redundancy Output Deficit 
I1 I2 O1 O2 O3 
REB 1 -623.2 -42.861 12661.81 41.887 0 
REB 2 -136.875 -4.683 5224.882 16.947 0 
REB 3 -220.007 -10.639 0 2.066 1.502
REB 4 0 0 0 0 0 
REB 5 0 0 0 0 0 
Here on the dynamic analysis to each index, see TABLE Ⅶ. 
Table VII  The Malmquist Index of Each Rural Power 
 effch techch pech sech tfpch
REB 1 1.096 0.827 1 1.096 0.906
REB 2 0.934 0.852 1 0.934 0.796
REB 3 1.053 0.956 1 1.053 1.007
REB 4 1 0.917 1 1 0.917
REB 5 1 0.945 1 1 0.945
Malmquist index has an advantage, namely it doesn’t need to involve whether to consider constant 
returns to scale or not, because when calculating, Malmquist model uses both Crste and Vrste. Malmquist 
indexes, namely Tfpch, can be decomposed into Efficiency Change (Effch) and Technical change 
(Techch), and Efficiency change (Effch) can be further decomposed into Pure Efficiency Change (Pech) 
and Scale Efficiency Change (Sech). 
Effch≥1 means the overall Efficiency has been raised; Pech≥1 means Pure Efficiency has been 
improved; Sech≥1 means Scale Efficiency has been increased; Techch≥1 means technology progress; 
Total Factor Productivity Tfpch is decomposed into Effch and Techch, when Effch and Techch combined 
operate and make Tfpch increase, then the Tfpch≥1. 
TABLE Ⅶ shows, in REB 1, the Total Factor Productivity decreased by 9.4%, while its overall 
Efficiency increased by 9.6%, Technical Efficiency decreased by 17.3%, so the influence by Techch is 
greater than the influence by Effch. For the Effch can be decomposed into Pech and Sech, in REB 1, the 
Pech hasn’t been increased, while the Scale has been increased by 9.6%, so the Scale is the main cause of 
why Effch has been increased. In REB 2，Total Factor Productivity decreased by 20.4%, both its 
Technical Change and Efficiency Change decreased, and the primary influence comes from Scale 
Efficiency decreasing. REB 3, REB 4 and REB 5 are similar to the analysis. From the table, we can draw 
the conclusion that each REB should improve Technical Change, so the Total Factor Productivity can be 
raised. 
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7. Conclusion 
At present, although the efficiency of power plants has been paid widely attention to and many scholars 
have used DEA to study the subject. However, distribution system is rarely taken as main research target; 
there are still some important fields which are blank. Therefore, in order to adapt to the reform and 
development of the electricity market, this paper tries to study the input-output efficiency of distribution 
system from more complex angle. 
The above result shows that the line per unit of each REB in this region is too long and the investment 
in the capacity of substation equipment is too much. As the input redundancy existing, so it is urgent for 
managers to improve distribution system planning and investment management technology, and avoid 
excessive waste of resources. In particular, as for the ineffective DMUs, under the premise of emphasizing 
the scale construction and economic society coordinate development, managers should make overall 
consideration, according to the direction of redundancy and its amount; grasp the direction of grid 
construction. Especially in reducing the line loss rate and improving technology level, there has great 
space; managers should put more effort in these aspects. 
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